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1.0 INTRODUCTION 

Basically a furnace is a brick lined chamber, capable of hokJing/conveying the material to be treated, to which 
heat is applied by one of the various means so as to achieve the required final result. 

Although furnaces are put to widely different uses and conditions may vary very much, the general principles 
are common to all. Depending on the type of heat input the furnaces can be broadly classified as 

1 . Oil fired furnaces 

2. Coal fired furnaces 

3. Gas fired furnaces 

4. Electric furnaces 

f , 

This paper focusses mainly on the oil fired and electric furnaces as the heat utilisation aspect for all the furnaces 
remains nrK)re or less same. 

2.0 OIL FIRED FURNACES 

In any furnace, the total heat of combustion of the fuel is dissipated in four ways: 

1 . By transfer to the ‘process'. The ‘process’ can range from water in a boiler to bricks in a kiln or a metal 
casting in a heat treatment furnace. 

2. By radiation and convection losses from the structure of the furnace. 

3. By heat loss in the hot flue gas. 

4. By loss of unburnt fuel. 

Of the above items, only (1) is desirable. In an efficient furnace, the losses (2,3 & 4) will be minimised. 

Thermal efficiency of a furnace can be defined as the percentage of the fuels combustion energy that is 
transferred to the ‘process'. 

Thermal Efficiency, % « 100 -(% energy bst as flue gas enthalpy + % loss by radiation & convection 
+ % loss as unburnt fuel) 

For the most efficiently insulated furnaces operating near design capacity, radiation and convection losses 
account for no more than about 5% of the total conbustion energy. For oil and gas fired furnaces, unburnt fuel 
losses should be insignificant ( < 1%). Typical thermal efficiencies of various types of furnaces are depicted in 
Exhibit-1 . 
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The following aspects have to be considered while studying any furnace in order to make it energy effident . 

2.1 COMBUSTION EQUIPMENT 

The primary component of a combustion system is a burner/stoker. The burner must mix the fuel and the air in 
proportions that are within the limits of flammability as well as providing the conditions for steady continuous 
combustion. 

By far the majority of industrial oil burners atomise the oil prior to combustion. To achieve satisfactory atomisation, 
the oil must first be brought to the burner at the correct pressure and viscosity as stipulated by the equipment 
manufacturer. A viscosity of 65/70 cSt is usually required and by the use of a temperature/viscosity graph the 
appropriate temperature may be determined. 

The atomiser section of the burner has as its purpose to deliver the oil into the combustion chamber, suffidently 
atomised, at the correct spray angle and size for the combustion chamber and in such a manner as to permit 
good air penetration and mixing. 

Oil must be broken up into fine droplet form if it is to burn rapidly and the life of any single droplet in the combustion 
chamber is approximately proportional to the square of the initial diameter. The droplet diameters produced by 
the average industrial atomiser may vary from 20-500 microns with consequent variations in burning time or 
distance from the point of entry. In most oil firing appKcations small oil droplets with the correspondingly short 
combustion time are most desirable, but in some furnace work, a long flame may be required which invalidates 
the need for fine atomisation. 

Where the atomising equipment is damaged or worn, or the atonrusing medium energy is inadequate, the size 
of droplets produced may well mean that the droplets do not have sufficient time to burn within the flame 
envelope. This results in partially burned, or carbonised, oil leaving the high temperature zone and being either 
deposited in the flue system or ejected to atmosphere. These particles are then the basis of what is known as 
‘stack soiids’. Oil burners are classified into types according to the method used to atomise the oil. The various 
type and characters of burners in common use are depicted in Exhibit-2. 

2.2 FURNACE DESIGN 

Fk3w Pattern 

The path taken by the gases flowing in the furnace can have a profound effect on its performaix^. It is well 
known that in furnaces heated by convection the quality of heating depends on uniform flow of gases over the 
stock. But even with the furnaces heated by radiation the fbw pattern is important since the refractory surfaces 
themselvds must receive heat from gases. 

It is essential that the flame and gas flow patterns with in a furnace should give the required heat transfer pattern 
for which the following aspects should be considered. 

1 ) Air and gas distribution to the furnace chamber and mixing, to ensure uniform heat release and constant 
atmosphere throughout the furnace width. 

2) Flame path control to prevent burning of the stock or impact on the furnace refractories leading to rapid 
failure . 

3) Static pressure control related to the furnace geometry to restrain air infiltration or blowout of the 
combustion gases. 
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Maldistribution 

Bad distribution of flow can completely ruin the performance of a furnace. It can result from many factors, some 
in the design and some in the operation of the furnace. Some of these are discussed below: 

Wrong tocarion of waste-gas offtakes: These should in general be as far from the burners as possible; 
but their location is not critical with furnaces operating under slight pressure. 

2. High vebcity burners create a jet induction effect which can give rise to suction rvear a furnace opening 
and allow cold air to enter. This is particularly troublesome in the soaking zone of end-discharged 
reheating furnaces. It can, under different circumstances, assist in uniform heating of the furnace by 
entraining spend furnace gases into the freshly burnt gases issuing from the burner. 

3. Flame impingement on the walls and roof can be caused by wrongly aligned burners, or impir^ement 
inside the burner casing of gas or air which is then swirled as it leaves the burner. 

4. When air (or fuel) is supplied to several burners by a manifold, it is important that this be large enough 
to act as plenum chamber, otherwise the flow to some burners will be excessive and the others may be 
starved, resulting in a badly heated furnace. 

5. A badly located load can spoil the operation of a good furnace by affecting the recirculation of gases. 

6. Location of Burners: It is a generalization that the top of a furnace looks after itself since heat rises. With 
batch- type furnaces, in addition to locating the main burners lower in the walls, it is often useful to have 
a second set of low- capacity high-velocity burners that fire directly towards the load without impinging 
on it, so creating induction recirculation. 

7. It is difficult to keep furnaces with a large turn-down ratio under pressure; under these corKlitions cold 
air can enter. If the process temperature is not too high, excess air becomes greater as the fuel flow 
decreases. This can be achieved by maintaining constant airflow and regulating the fuel flow. With some 
furnaces, steam or a neutral atmosphere, may be used to augment the gases. 

Recirculation 

The flow of gases round the charge can sometimes be promoted by careful location of the flues, but recirculation 
generally requires more positive action, such as the jet-induction effect or the provision of stirrer fans. 

Where the furnace is essentially convection-heated, the redrculation is invariably fan-generated, and it is 
important that the volume recirculated should be adequate. The location of drculation inlets aixi outlets is then 
not critical and they can be quite simple. When complicated straighteners or flow-dividers are employed, it is 
usually an indication of too small a recirculation volume. 

Structure storage heat losses 

The heat requirement is influenced by the thermal capadty and conductivity of the structure, and the lightest 
construction consistent with optimum insulation, mechanical strength, refractoriness and replacement cost will 
minimise fuel consumption.. 

Fora furnace in continuous operation the structure reaches temperature equilibrium, and the heat quantity stored 
in it becomes small in relation to the heat quantity conducted through it and dissipated from the external surface. 
Structure thermal corvjuctivity is, therefore, of greater importance than its thermal capadty. 
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For a furnace operated intermittently, the structure is unfikely to reach temperature equilibrium and the heat 
stored in it will be repeatedly replenished and depleted according to the nature of the operating cycle. Although 
the thermal conductivity of the stmcture is still important, its thermal capacity must be held to a minimum. 

The wall losses from a furnace depends on the thicknesses of the firebrick and of insulation, on the type of 
insulation and on the continuity of operation. The manner in which savings vary is shown below, which refers to 
wall losses only and not to the total heat consunption of the furnace. 

REDUCTION OF WALL LOSSES BY INSULATION (%) 


Thickness Continuous 

of firebrick operation 

wall (inch) 

insulation 


1 week 1 day 

cycle cycle 

(6days/week) 

insulation 



2.5" 


5" 

2.5" 

2.5" 

4.5 

62 


76 

58 

25 

9 

46 


65 

36 

18 

13.5 

38 


57 

20 

14 

18 

35 


53 

15 

12 


Operational factors should be considered when determining the economic insulation (material and thickness). 
Many times the furnace needs frequent repairs, where the cost of insulation replacement should be taken into 
consideration; examples of these are where furnaces that are to be heated upto quickly after a prolonged 
shutdown, where very high skills are required for loading and unloading of the stocks, where furnace spalling is 
of frequent problem, and where salvaging of insulation is not possible. 

Exhibit-^ gives comparative values of conduction and storage heat losses for various types of wall construction 
when applied to a high temperature furnace operated continuously and intermittently. 

In each case, 340 mm dense firebrick is most expensive in terms of total heat losses and fuel consumption to 
satisfy them, and the percentage reductions in total heat loss indicate how each alternative construction 
compares to it. 

Lowest fuel consunption would be obtained with 115mm super hot face insulation brick backed by 230mm 
insulating brick. For continuous operation 1 1 5mm firebrick with 230 mm insulating brick runs a close second and 
would be more resistant to impact damage. 

Ceramic fibre with mineral wool backing insulation js an attractive and relatively new form of construction for 
furnace chamber walls and roof. It is attached to a light external steel casing and although the material is more 
expensive than refractory brickwork, the total construction costs are said to be less. 

For a 70 tonne bogie-type annealing furnace, charge soak temperature 950-1 000°C, intermittent operating cycle 
12 hours/day, it was predicted that a 12 % saving in fuel consumption could be expected relative to similar 
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operation with a furnace constnjcted of 115nwn inflating brick. It must be stressed ttiM, for e^^ tj^ of 
construction, the dense firebrick bogie accounted for the majority of the storage heat loss. 

Furnace Load Factor 

When a furnace is held at operating terrperature it has what amounts to a no load fuel consumption which rrrust 
satisfy the structural heat transmission losses. If it is then put into production, adcfitionsti fu^ must be consumed 
to heat the stock. 

Furnace performance is judged on the fuel consumed per unit of stock produced arrd is highest when the no 
load fuel consumption is shared amongst the greatest number of stock units. 

Exhibit-Ogives a performance analysis for a small steel reheating furnace operating at various material 
throughput rates or load factors. The term ‘hearti)* loading is a convenient means of expressing furnace load in 
a form which makes comparison with optimum practice ea^. The significant item ‘specific fuel consumption' 
expressed in gallons per ton of steel heated can be seen to decrease rapidly as furnace loading approaches 
optimum. 

2.3 FURNACE OPERATION 

1. Combustion 

Combustion can be defined as rapid chemicai combination of oxygen with combustible elements of fuel. There 
are two combustible elements of principal significance in commercially used fuels, namely carbon and hydrogen. 
Sulphur is also present in some fuels. This is usually of minor significance a source of heat but may be of major 
concern in terms of corrosion and environmental problems. More aspects related to combustion are distAJSsed 
separately in the section dealing on Steam Generation. 

2. Furnace Pressure 

Fuel fired furnaces should always be operated under a slight pressure since this tends to even out the flow of 
gases inside the furnace and prevents ingress of cold air round the doors and other openings. 

A reasonable pressure to aim for is about 2.5 Pa (0.01 in w.g), and this should be measured at the hearth level 
to avoid the buoyancy effect. If the furnace is not kept under positive pressure, it is possible for the gases to 
short-circuit straight to the flues, thus increasing the heat loss whilst spoiling the heating of the charge. 

If the furnace is gas-tight as well as the doors, burner-lighting holes and flue offtakes, then a furnace can be 
operated at high pressure. The furnaces, however, must be lighted at atmospheric pressure and sealed (except 
for the flue) before increasing the flow to full value; the pressure may then be increased to the required level by 
use of the damper. 

It should be emphasised that furnaces using recirculation must be made completely gas-tight, otherwise air will 
be drawn in at some points and forced out at others. 

3. Controlling Excess air 

The effect of excess air on furnace stack loss is shown in Exhibit-5. Too little air can also cause a major heat 
loss. Savings achieved by reducing excess air can be hard to estimate. If the air is reduced but the fuel rate 
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remains the same, the flame temperature will increase and provide a more rapid heating rate and an 
energy-saving shorter cycle. However, the reduction in excess air will also raise the stack temperature and thus 
increase stack loss. 

If air and fuel are adjusted to maintain the stack tenperature, furnace gas velocity will decline and turbulence 
in the furnace will be reduced. As a result, the heat transfer rate to the stack will suffer, which can increase cycle 
times. It is thus suggested to calculate the heat balance under the new operating conditions to determine the 
net effect of the change. 

2.4 HEAT RECOVERY FROM STACK GASES 

Heat can be recovered from exhaust stack gases in several ways, including heat exchaiigers and/or 
recuperators. In most cases, the recovered exhaust is used to preheat combustion and excess air. 

The percentage fuel savings achieved by preheating combustion air for various flue gas temperatures are given 
in Exhibit-6. The temperature to which combustion air can be preheated is somewhat limited by the burners 
fitted to the furnace. To take full advantage of this measure, it is sometimes necessary to replace the existing 
burners in addition to fitting a heat exchanger to recover the heat. 

The combination of preheated combustion arxf secondary air can give rise to fuel savings as foltows: 


Temperature of all the 1 00 

combustion air (°C) 


150 

200 

250 

Approximate savings 4.6 

in fuel ( %) 


6.8 

9.1 

11.4 

Passing 5% of combustion 
air as cold air through 
the burner arxl remainder 
as secondary air (°C) 

375 


450 

500 

Approximate fuel savings(%) 

15.9 


17.8 

19.7 


Factors to be considered 

Once a source of waste heat has been identified and quantified there are a number of factors that need to be 
assessed in order to determine the feasibility of the waste heat recovery system. 

a) Location 

The location of heat recovery systems can be classified into 3 categories. 

i) Compact Systems — Where the heat is recirculated around the system to reduce the quantity of cold 
incoming make-up eiir or combustion air e.g., paint, drying ovens and self-recuperative burners. 

ii) Local Transfer — Where the source and use of recovered heat are close together. 

iii) Distant Recovery — Where the source, recovery and application are some distance apart. 
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b) Grade and state of Medium 

Two general distinctions can be trtade in grades of heat: 

^ High Grade Heat - source temperatures above 250°C. the majority above 750°C. 

ir Low Grade Heat t- source temperature below 250°C, and mainly between 0°C to 1 00°C. 

Clearly, the identification of grades is fairly straight forward but is an important step since it provides a guide to 
the technology we will need to use in the system. With high grade heat there will be a choice between carbon 
steel, stainless or ceramic material. With low grade heat, decisions will have to be taken on the need to use heat 
pumps or more sophisticated heat exchangers with increased areas and alby metals. 

In many bw grade heat projects involving saturated gases a major benefit lies in recovering energy present in 
the form of latent heat. In some cases an extra benefit may be available from this approach because condensed 
liquids can be recovered, treated and reused. 

c) Quantity of Heat 

When assessing the quantity of heat available for use, it is just as important to quantify the consumption of 
recovered heat by the proposed application. If the application already has its own source of heat, then the 
introduction of recovered heat does not present such a great risk because a short fall in recovered heat either 
due to inaccurate assessment or uniforeseen difficulties can be made-up by the existing heating system. 

d) Purity 

The source of recovered heat shoub be examined for the foibwing contaminants: 

3k Particles - sizes and nature 
3k Acidity 
3k Dryness 
3k Toxicity 

Shell and tube type heat exchangers will tolerate a larger and higher particle concentratbn than plate type 
exchangers. Acidity and dryness will only become a corrosion problem if the Exhaust temperatures fall bebw 
the dew point of the gas. In assessing this aspect it is important to estimate the exhaust temperature from the 
system and not solely in the exit from the exchanger. 

e) Pattern of availability and use 

The pattern of availability and the pattern of use of recovered heat must be considered. Incompatibility occurs 
due to: 

3k Cyclic operation of the source of application 
3k Seasonal variation in the process source 

Finally the actual performance of source and application processes should be measured. Use of production data 
or design data will often be inadequate for detailed feasibility because it does not represent the total picture of 
what happens in practice. Fbctuatbns and stoppages in production must be identified so that adequate controls 
and bypasses are incorporated into the basic design. 
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Equipment Available 

A review of heat recovery devices along with description and application is depicted in Exhibit-7. 

2.5 FURNACE INSULATION 

The heat losses affected by insulation are: 

1. The escape through furnace brick work of heat that is subsequently dissipated by convection and 
radiation from the outer surfaces of the stnicture. 

2. The storage of unnecessary heat in the structure. With proper insulation, these losses can be 
substantially reduced but with insufficient insulation or none at all, such losses can be in excess of 
25 %. Surface losses are dependent on wall thicknesses arvj materials of construction, also on the 
temperature in the furnace and on the area of the outer wall surface. 

In continuous or long term cycle furnaces, the problem is to prevent the escape of heal through the walls and 
roof. In intermittent or short time-cycle furnaces, it is to reduce the heat storage loss while not neglectiiig to 
reduce the external surface loss. 

There is a mistaken impression that intermittent furnaces cannot be insulated because the interior, inciudirrg the 
load, cannot be adequately cooled between cycles. With hot face insulation and particularly with ceramic fibre 
materials this problem has been surmounted. 

A temperature of 40 to 70 °C for a furnace operating in excess of 350°Cindicates that the losses are reasonable. 
A temperature of 100“C or higher means that the losses are probably quite large. An estimate of energy loss 
per unit of area per hour as a function of outside will temperature is shown in Exhibit-8. 

Exhibit-9 compares the operating temperatures of various insulating materials, including ceramic.ribres. 
Ceramic Fibres 

More recently, ceramic fibres have become available for hot face furnace insulation. Types are available for 
continuous operation at maximum temperatures of around 1^0°C. 

Commercially produced ceramic fibre consists essentially of ^urrtna(43-95%) and Silica (5-67%) with traces 
of other elements. Ceramic fibres are not wetted by molten metals arxJ can be used in direct contact with 
aluminium, lead, zinc, copper and alloys of these materials. 

The chemical attack resistance of ceramic fibres is very good, being resistant to most furnace atmospheres, to 
oil, steam, water and most adds and many alkalies. The two major forms in which ceramic fibre is at present 
used in irxlustry are blankets and modules. 

Advantages of Cerarr^ Fibres 
^ Low heat transmission 
^ Low heat storage 
^ Light weight construction 
^ Resilience 
^ Low thermal expansion 
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^ Ease Of installation and repair 
^ Maximum operating temperature 

+ Low design outer face temperature (Energy losses increase in an exponential manner with the temperature 
of the outside of the furnace) 

Case Studies 

a) Continuous reheating furnaces in the steel industry operating upto 1 350°C have been lined with ceramic 
fibre modules resulting in a published saving of 15 %. 

b) An intermittent bogie hearth furnace in the heavy engineering industry operating up to 1050°C has 
returned recorded fuel savings of over 30% after ceramic fibre insulation. 

2.6 STOCK PREHEATING 

In continuous steel billet or slab pusher type reheating furnaces, the hot combustion products leaving the main 
heating zone pass through a preheating zone. In passing through it, their temperature will be reduced from say, 
1300 to 700°C the heat abstracted being equivalent to 37% of the net heat of fuel fired (at 30% excess air). The 
stock temperature will rise from 25- 400°C and a third of the stock heat requirement will have been supplied 
merely by degrading the heat content of the main heating zone waste gas. 

If it takes 450 litres of fuel oil to produce a given steel output without stock preheat, then with preheat the same 
output quantity could be obtained for a fuel consumption of around 290 litres, a saving of 1 60 litres in every 450 
litres. 

A gas fired aluminium melting and holding furnace has a rated metal output of 900 kg/h operated at a mean 
specific fuel consumption of 470 litres/kg metal, when ingots and scrap were charged direct into the molten metal 
bath. When the waste gases are discharged through a tower into which the cold metal is charged, a most effective 
form of stock preheating is obtained. Specific fuel consunrption falls to around 280 lltres/kg metal - resulting in 
40 % reduction in fuel consumption. 

2.7 INCREASING OXYGEN LEVEL 

Substituting commercial oxygen for combustion air reduces the volume of heat-absorbing nitrogen flowing 
through the combustion process, and thus reduces losses. Potential savings are shown in Exhibit-10. The 
normal practice is to increase oxygen levels from 21% to 25-30%. 

A full feasibility study should be conducted to determine all implications of this measure, including the cost and 
availability of oxygen, the flammability limits, and extra safety precautions that are needed. 

2.8 TESTING FURNACE EFFICIENCY 

To test the furnace efficiency the following measurements are required. 

* Fuel usage rate 
^ Temperature of operation 
^ Fluegas composition and quantity. 
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After all these measurements, an energy balance of the furnace can be dorve to quantify the >/anous losses 
associated with the process. A typical energy balance is shown in Exhibit-1 1 . 

2.9 REASONS FOR LOW ENERGY EFFICIENCIES IN VARIOUS INDUSTRIAL FURNACES 

a. Obsolescence of design and age of furnace as also of the combustion device was a major reason for 
very low efficiency of the equipment. It is not possible to effectively retrofit energy conservation 
equipments on them. Since furnaces of low efficiency could nevertheless be based for production, they 
continue to be operated despite. 

b. The overall layout and environment of the plant impose limitations on the possible energy conservation 
achieved through proper storage and handling facility for fuel. 

c. The nature and magnitude of the energy requirement in the manufacturing process also decides the 
extent of heat recovery. 

d. The nature of process and level of technology employed are found closely related to the degree of 
mechanisation and automation. It was generally recognised that with degree of mechanisation and 
automation, operational losses and idle periods on account of damages occuring due to manual 
handling were considerably reduced. This in turn resulted in heat losses. Moreover better monitoring 
and control of process parameters help enhance energy efficiency of equipment. 

e. In adequate availability and performance reliability and servicing of instmments (which has to operate 
under changing conditions, spedally in a metal forging/forming/casting unit) are some of the factors 
which increase energy consumption. This in turn results in reluctance to install adequate instrumentation 
for enhancing energy efficiency of equipment and process. 

2.10 CASE STUDY 

Heat balance for a conventional oil fired melting furnace (2 tonne aiuminium) with out heat recovery unit is given 
below: 


Useful heat 


12% 

Losses due to Leakages 

= 

9% 

Losses due to Charging 

= 

15% 

Storage loss 

= 

7% 

Flame out 

ss 

6% 

Radiation loss 

= 

3% 

Stack combustion loss 

s: 

48% 


The following obsen/ations and recommendations were arrived at after analysing the energy balance and the 
furnace operation. 

1 . Proper production planning and hence reducing coolirtg losses during storage and superheating. 

2. Dampers at the blowers to be placed for combustion control and to reduce natural losses during shut 
down. 
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Also provide dampers at exit and close all openings. These also reduce cooling losses and to maintain the 
furnace pressure. 

3. Mechanised charging and reduced charging time which reduces heat toss and damage to the furnace. 
(Presently manual charging takes arourxl 1 hour) 

4. ' Proper control of comtxistion by modulating firing rates during initial heating, melting and superheating. 
Expected heat balance after implementation of recommendations 


1 . Useful heat 

* 

32% 

2. Heat loss due to leakages 

= 

6% 

3. Charging tosses 

- 

4% 

4. Storage losses 

* ■ 

4% 

5. Flame out 


3% 

6 Radiiatioh tosses 

= 

3% 

7. Stack losses 

SB 

48% 


The Implementation of the recommendations would rx)t only reduce specific fuel consumption but also improve 
productivity. Approximate annual savings expected are around Rs. 10 lakhs. 

3.0 ELECTRIC FURNACES 

The use of electricity for heating can seldom be justified on a straight specific fuel cost basis; but its extreme 
versatility of application and other process benefits will often outweigh corrsiderations of energy cost. In some 
instances the process itself may well dictate the use of electroheat as the only practical means of heating. There 
are three well established methods of electric heating for Indian industrial purposes that are comrTx>nly used. 

1 . Resistance Furnaces 

2. Induction Furnaces 

3. Arc Furnaces 

3.1 RESISTANCE FURNACES 

Resistance heating is usually much the cheapest method of electrical heating both as regards capital and 
operating costs since the equipment required is simple and the electrothermal efficiency is greater than with 
other forms of electric heating. This method of heating is particularly attractive where the heating current can 
flow directly through the workpiece or where resistance heaters can be embedded in, or maintain good contact 
with, solid charges of good thermal conductivity, such as metals, or be immersed with in a liquid or gas. 

The electrical conductor may be either a separate heating element, conveying the energy provided by electrical 
dissipation to the charge by radiation and/or conduction(indirect resistance heating), or it may be the product 
itself, if the product is an electrical conductor at the process temperature (Direct resistance heating). 

In either case there is no energy loss within the heating elemerM, although the overall efficiency may be reduced 
slightly by tosses through the container walls or in transformer and current feeders and thermal insulation in for 
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example, trace heated pipes. Overall efficiency can however be kept high (97%) by careful design and the use 
of fast heating cycles. 

The choice of indirect heating elements is determined by the temperature and conditions in which they are made 
of nickel chromium alloys, silicon carbide, molybdenum, tungsten and graphite. The industrial applications of 
resistance heating are numerous. This paper mainly focusses on energy efficiency options of ovens. 

Ovens 

With designs for natural convection heat from the elements through the air surrounding the charge pieces, which 
are stacked inside the oven, operating temperatures upto 200 ®C are obtained. With fan-assisted convection 
the operating temperature is raised to higher levels. 300-500°C, while allowing more precise and uniform 
temperatures in the charge. 

Ovens may be constructed for batch operation with dimensions permitting easy access and placing of the charge 
pieces; metal sheathed elements or wire-wound coil elements assembled into a heater battery with forced-air 
blow system are used depending on size of oven and kW rating. 

For applications requiring a continuous flow of work materials, e.g. vitreous enamelling, paint drying and finishing, 
continuous ovens using radiant heat from metal-sheathed elements or forced- air convection heating systems 
may be employed. 

Several heat zones are rxirmally employed to give the desired temperature gradient over the length of the oven, 
using thermocouples for each zone working with multipoint-recorder controlling instruments. 
Excess-temperature monitoring thennocouples are used to disconnect the power supply in the event of 
mal-operation of the normal temperature control devices. 

Oven construction and design of heat-circulating systems depend largely on the kind of products that will receive 
the heat, i.e. shape, mass density, stacking arrangements and materials. 

The energy conservation aspects of these type of furnaces include adequate insulation, proper sizing of 
redrculating blower motors, regular calibration of thermostatic controllers. Stacking arrangement of stock, 
reducing the furnace operjings etc. 

The case study showing the energy balance of a baking oven is shown below: 


Heat supplied 

- 100% 

Heat given to products 

- 54% 

Convection & Radiation loss 

- 14% 

Heat given to conveyor & 


Other losses 

- 32% 


After analysing the energy balance and observing the furnace operations, the following observations and 
recommendations can be arrived at; 

1 . Effective insulation of oven 

2. Replacing the circulation blower motors with lower capacity motors results in a savings of Rs. 26,000 
per annum with an investment of Rs. 65,000 per annum. 

3. Reducing the inlet opening area of the oven results in a saving of Rs. 8,500 per annum. 
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4. Avoiding the empty run of the conveyor. 

5. Closing both ends of the baking oven at the end of the day resulting in a saving of Rs. 1 3,000 per annum. 
3.2 INDUCTION FURNACES 

Induction furnaces are mainly used for the melting of ferrous metals, where their efficiency can be high, but they 
also find application in the melting of nonferrous metals such as copper, aluminium and zinc. Induction furnaces 
are also used in heating of solids to achieve functions like rolling, extrusion, hardening. It is also used in 
conjunction with other furnaces. 

There are two basic types of induction furnace, the coreless furnace, in which the induction coil is external to 
the crucible, and the channel furnace, in which the induction coil, suitably encased, is surrounded by the charge. 
In the case of the channel furnace, the induction coil is wound round a core of silicon iron laminations to 
concentrate the field. 

The optimum choice of frequency for an induction furnace is decided by the same considerations as apply to 
other forms of induction heating, but in addition the degree of electromagnetic stirring required in the molten 
metal has to be taken into account. This stirring effect, or turbulence, is directly proportional to the power input 
to the furnace and inversely proportional to furnace size. For large bulk melting applications, mains frequency 
is the general choice, but for more specialised ^plication higher frequencies are sometimes desirable. 

Induction heating of solids 

Skin effect grows with frequency, not only in the workload, but also in the wire of the coil. At high frequerxaes 
nearly all the heating occurs in the skin of the work blank. The rate of heating drops down exponentially and 
rapidly towards the centre. If the frequency is low, the generation of heat is also greatest at the skin and decreases 
exponentially towards the centre, but more gradually than it drops with high frequency. 

Heat penetrates more deeply. In accordance with these facts, bars or billets of large aoss section or heated 
with low frequency if thorough heating for forging or rolling is wanted. High frequency is used for through-heating 
of small of any cross section. 

In the induction heating of bars or slugs with large cross section, air suffices for electrical insulation between 
work blank and coil, but does not furnish heat insulation. The skin of the work blank is hotter than the core. Too 
much heat is lost unless thermal insulation is provided. The refractory enters between the turns of the coil and 
holds them apart. The insulation should be thick to reduce the loss of the heat. It should be thin because magnetic 
flux in the refractory does rtot heat the work blank. A thick refractory lowers the power factor and the efficiency. 

In induction heating two conflicting influences are found. If the power to the load is low (the current in the coit is 
weak), heating takes a long time, the temperature in the billet is uniform, but much heat is lost. If the power to 
the load is great (the current is heavy), little heat is lost, but the temperature in the billet is not uniform. As a rule, 
coils are designed for heavy current. 

The capacity of a coil is expressed by the kilowatts it can absorb minus the I^R loss in the coil. The heat in the 
billet at the end of the heating period is less than the heat irrparted to the billet because some heat is dissipated 
during the heating process. 

A typical energy balance for a 5 tonne mains-fed melting furnace heating a 1 tonne cold charge from 40°C to 
1505°C when added to a molten charge of 4 tonne at 1505°C,and the energy balance for holding 5 tonne at 
1530°C are given below: 
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ENERGY BALANCE OF A CORELESS INDUCTION FURNACE 


LOSS 

MELTING 

kWfvT 

HOLDING 

kWh/T 

Electrical losses 



Furnace transformer 

7.2 

1.8 

Phase balancing circuit 

4.0 

0.2 

P.F.correction capacitors 

5.4 

0.3 

Water cooling losses 



Coil resistance loss 

110.0 

5.4 

Lining conducted heat 

61.0 

15.4 

Furnace heat losses 

37.0 

6.3 

Other losses 

11.0 

0.6 

Useful heat 

376.0 

— 

Total 

612.0 

30.0 


FACTORS TO BE CONSIDERED FOR ENERGY EFFICIENCY 

1 . Holding periods have to kept to minimum as the cooling water losses are very high with longer holding 
periods. 

2 . Tap-to-tap time has to be minimised to reduce the radiation and convection losses and effective capacity 
utilisation. 

3. Pyrometers have to be used to measure the accurate temperature of melting to avoid the unnecessary 
superheating of the liquid metal. 

4. Opening of furnace lids, slagging door etc., are to be minimised. 

5. Possibility of charge compacting and preheating has to be explored. 

6. Cooling water inlet , outlet temperatures and flow rates are to be monitored to assess the concPtion of 
the furnace refractory lining and the coil losses. 

7. For the manufacture of a particular type of casting or for mild steel ingots. The melting capadty of the 
furnace should be precisely determined. Because too large a capacity than needed would mean very 
high heat losses, because of large holding time (the losses occurring in radiation and in cooling water 
losses). Large holding periods would also mean a large quantity of superheat. If capadty utilisation rates 
are to be high, the quantity of super heating necessary will also reduce. 

8. The capacity of the furnace is also determined by the size of casting and the capacity of the plant. 

9. For a maximising load factor (and by reducing the cost of energy per unit of output), production rates 
and furnace capacities should be judiciously matched. 

10. For performance monitoring of the furnace, performance index (kg/h at a specified temperature/ kVA) 
should be maintained on a regular basis. 
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HEAT BALANCE FOR INDUCTION FURNACE (CASE STUDY) 


1. Useful heat 

ae 

38% 

2. Radiation Loss 

3S 

9% 

3. Cooling water loss 

« 

40% 

4. Slag & other losses 


13% 


Observations 

1 . Cooling water losses very high 

2. High holding time about 45 mirujtes after melting 

3. High superheating to around 1 680°C 

4. Low capacity utilisation 

Recommendations 

1 . Refractory insulation to be checked; for properly laid crucible the bsses including in cooling water could 
be brought down to around 27%. 

2. Holding time could be avoided if the number of moulds could be increased to match the capacity of 
furnace. This would also require the additional leakes. Presently about three chargers are prepared by 
one ladle. This will bring down the radiation as well as the cooling water losses. About seven percent 
decrease in energy consumption is expected. 

3. Provide for covering the top after charging has been completed. 

HEAT BALANCE AFTER (EXPECTED) IMPROVEMENTS 


1. Useful heat 

= 

56% 

2. Radiation loss 

ss 

4% 

3. Cooling water 

s 

27% 

4. Slag and other losses 

s 

13% 


The total savings in this case was expected to be around Rs. 3 Lakhs per annum. 

3.3 ELECTRIC ARC FURNACE (EAF) 

The most common type of arc furnace is the 3-phase direct arc furnace consisting of three symmetrically placed 
carbon electrodes each of which is connected to one phase of the supply system. Arcs are struck arid maintained 
between the electrodes and the metal charge, which is heated by radiation from the arcs and reradiation from 
the furnace refractory lining as well as by the passage of the arc currents through the charge. 

The characteristics of the arc call for special current regulators and sometimes series reactors to limit current 
surgs when the electrodes tough the charge. In the initial stages of striking arc, the arc is rather erratic but as 
metal ions begin to enter the plasma it’s stability improves. Steelmaking in Electric Arc Furnace (EAF) is the 
phenomenon of this century and has grown very rapidly to become an established technology because of 
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a) Investment cost is low 

b) Low gestation period 

c) Low specific energy consumption (2.3 Gcal/T) compared to other processes (5.5 Gcal/T) 

d) Flexibility in operation as it can handle any kind of scrap of any shape and size. 

e) Chemistry of tapped metal can be adjusted easily. 

The unit capacity of EAF in India is about 4 to 30T, where as in the western countries the average tapped weight 
is about 60 tonnes. The capacity utilisation of EAF is between 55-90 %. The bigger units (1 5 T) adopting modem 
technologies such as ladle refining and oxygen lancing have a higher capacity utilisation compared to smaller 
units. Exhibit-12 gives the effect of furnace ^ze on power consumption. 

The energy balance of the arc gives that 72.5% of the electric power of the arc is transferred into the melt, 
14.5 % goes into the electrode, and 13 % to the furnace wall. The proportions depend on the arc length and the 
slag thickness. 

FACTORS FOR ENERGY EFFICIENCY 
Control of power input 

The best use of power in the meltdown depends on two basic facts. The heat produced per unit gf power 
consumed is a function of the characteristics of the electrical circuit and is controllable in considerable degree 
by selection of those voltage current relationships which will keep the power factor of the circuit within certain 
narrow limits. 

Only that part of the heat is useful which is absorbed by the charge. Excess heat is reflected to the furnace lining 
and roof, this is both wasteful and damaging. 

Since resistive load is the only heat source in the furnace circuit, it is desirable to have all the resistance inside 
the furnace where the heat is required and nowhere else in the furnace circuit. A high P.F. is not necessarily 
indication of an efficient circuit design. A high resistance in the circuit due to insufficient material in the 
conductors can raise the P.F. substantially. A high P.F. so obtained is not a measure of high efficiency. 

Nature and quality of scrap used 

The metallurgical condition, density and cleanness of any ferrous material charged into an arc furnace affects 
the energy balance either directly or indirectly. For example, the direct effect of 1% gangue, moisture or iron 
oxide (Fe203) within the charge on energy consumption resuits in irx^rease in energy consumption of lOkWh/T, 
18kWh/T and 15kWh/T respectively. 

The indirect effect of scrap density on energy consumption has been established on trials. As might be expected, 
a maximum of two baskets per charge is desired but, because of variations in both availability and density of 
scrap, this is not always possible. If as a result of these variations a third basket has to be charged, then the 
tap-to-tap time is irx:reased by 4-6 min, which in turn leads to an increased consumption of 5-10 kWh/LMT. 

Apart from Increasing the density of the scrap the beneficiation also has a direct effect on energy consumption. 
In addition, the emphasis placed on the need to reduce the risk of furnace down-time due to damage to the 
furnace by the inclusion of expbsive material, or to the electrodes by the inclusion of electrically non-conducting 
material, has both a direct and indirect effect on the total energy consumption. 
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Use of blast furnace plate iron 

Energy balance shows that approximately 1 0 % of the energy input is obtained from exothermic reactions. This 
arises as a result of the oxidation of carbon, silicon, phosphorous and manganese dissolved in the liquid iron. 
After allowances have been made to account for the heat required to raise the oxygen to steelmaking 
temperatures, the energy gains are shown in Exhibft-1 3. 

The availability with in India of blast furnace plate iron presents an opportunity for such selection,and experience 
has confirmed that energy consumption can be reduced at the expense of oxygen consumption (Exhibit-14). 

Clearly the deliberate addition of coke, silicon carbide coke and ferro-silicon to the charge could result in energy 
savings. Experience indicated that savings in the region of 1 0 kWhA.MT can be achieved, but this does not take 
account of the energy that may have been expended in producing the raw material in question. 

Lime addition 

Usually the limestone is added to the liquid steel as a slagging material. The limestone has to first decompose 
to lime(CaO) which in fact is the fluxing agent for slagging. Since the decomposition is an endothermic reaction 
this brings in two additional heat losses namely, the endothermic heat required for the decornposition of CaCos 
and the heat taken by the Coa gas evolved. Experience shows that using burnt lime directly is going to result in 
100 % cost savings compared to using limestone. It is an established fact that a reduction of 1 tonne in the lime 
added during single slag steelmaking does decrease energy consumption by up to 10 kWh/LMT. In general 
terms, the magnitude of the saving on any given cast depends, as would be expected, on the tightness of the 
sulphur specification to be met. 

Oxygen Landng Practice 

Chemical energy can make a significant contribution to the energy balance. It is essential that the oxygen lancing 
practice be optimized. Lance angle and position, blowing rate, infiltration rates and fume extraction conditions 
can affect energy consumption in addition to electrode and refractory costs. 

Furnace Pressure 

The pressure maintained within the furnace controls both the' rate at which waste gases are extracted and the 
ingress of air through slag doors, etc. Currently, the general opinion is that a slight positive pressure at roof level 
minimizes the effect on energy consumption, although little quantitative work has been done to confirm this. 

Use of Economisers 

The gaps between the electrodes and the three ports in the roof are obvious positions at which energy can be 
lost. Such losses are minimized by the use of economizers which restrict the ingress of air through the port, 
although their prime purpose is to minimize erosion of the port itself. Obviously, the effectiveness of these devices 
is dependent on good and efficient maintenance. 

Oxy-fuel burners 

The use of oxy-fuel burners to augment the energy input and to reduce the conversion costs in basket-feed 
practices has received considerable attention. Usually, three burners are sited in the side walls at positions which 
are selected to enhance scrap melting without undue effect on the electrpde consumption. 

Correct burner design, positioning, angle and method of utilisation are critical if maximum energy savings are 
to be obtained. 
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Scrap Preheating 

The arc furnaces discharge large quantities of hot gases bearing considerable fume and dust in the shop floor. 
The dusty exhaust gases carry about 15-20% of the total energy input to EAR By using these gases to preheat 
the scrap charge, considerable savings in energy input to the EAF can be achieved. The cooled exhaust gases 
can be easily handed by dust control equipments. Also the scrap charge acts as an arrester for the dust in the 
gases. Extensive use of oxygen to assist melting have lead to increasing furnace gas volume thereby increasing 
the heat loss in gases. Exhibit-15 shows the effect of scraip preheating on energy. 

Various types of scrap preheaters include conventional bucket preheater, vessel type preheater and special 
bucket preheater. 

3.4 STANDARD PRACTICES TO MINIMISE ENERGY CONSUMPTION 

The elimination of delays is as vital to profitable operation as the efficient consumption of electric power is 
essential that the eritire active furnace life be utilised to the best advantage. Therefore, the operations for furnace 
preparation and repair, charging , melting refining, finishing, and tapping all are planned by the furnace operations 
so that with the best overall performance a heat meeting the customer’s requirement can be produced at 
minimum cost. 

CHARGING 

Efficient charging and meltdown requires the observance of certain rules which may be as follows; 

1 . Initial charge must be of sufficient density to achieve the required heat tonnage with a minimum number 
of recharges after the initial meltdown starts. 

2. The charge should be carefully selected, in case of alloy steel production, to result in a melt down bath 
analysis which is close to the customer’s product specifications. Carbon in the charge may be adjusted 
to melt close for the common steels, or considerably above for higher quality, in order to gain full benefit 
of the carbon boil. 

3. The charge should exclude, as completely as possible, non- conductive material to avoid the breakage 
of electrodes, as they strike these materials. 

4. The scrap quality and the desired product analysis determine the addition of lime to be charged. 

5. Placement of the charge in the furnace must also be planned to attain efficiency in charging and 
meltdown with particular emphasis upon the maximum degree of heat absorption. 

5a. A small quantity of light starrping scrap is positioned to cushion the impact of the heavier pieces of scrap 
as they fall into the furnace 

5b. Heavy scrap is placed in the centre of the charge and should be located within the electrode circle. 

5c. A sufficient quarrtity of medium and low density scrap is added on top of the heavier pieces to complete 
the furnace charge. 

MELTDOWN 

The ideal method of melting would be to heat the charge as evenly as possible from the centre and all other 
exposed areas. A practical method for this is as follows: 
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1 . Lower the electrodes by push button as closely as is possible to the charge to rec&jce the fime required 
for the automatic control to lower the electrodes arxJ strike the initial arc. 

2. Select suitable voltage levels so as to inject enough energy into the arc to allow the electrodes to bore 
down into the charge until they approach the heavy scrap at the furnace bottom. This practice permits 
the greatest absorption of the arc energy by the charge and promotes the economic use of electric 
power. 

3. Once the primary bath has been formed at the bottom of the furnace the scrap is melted by heat 
transmitting through the steel bath as well. Melting continues at this power level until the bath 
temperature requires this power. In some cases, it may be necessary to cut off power during this late 
melting period to raise the electrodes arxl to push any scrap which may have clung to the side walls 
above the bath. 

4. If the scrap is not dense enough to get the required charge weight irrto the furnace in the initial charge 
the remaining of the scrap is charged as soon as the scrap is melted to the level mass. 

TYPICAL DELAYS IN MELTDOWN OF EAFTHAT AFFECTS ENERGY 

1 . Delays in crane service or in scrap delivery shutdowns for power demand, and mechanical failures affect 
seriously the melting procedure. 

2. Scrap charge of incorrect chemical analysis sometimes nece&^itates^hanging the furnace schedules 
and melting to a different specifications, so that the analysis resulting from the faulty scrap delivery may 
be utilised. 

3. Heavy pieces of scrap placed along the sidewalls of the furnace may fall against and break an electrode 
during meltdown. 

4. An electrode may be broken by contact with any large concentration of insulating material in the charge, 
such as limestone, since the electrode drive will continue to exert downward force as long as current in 
that leg of the circuit is low. 

5. Errors in selection of power input levels may result in slow melting rates and damage to the furnace 
liriing and roof. Another result may be bridging of solid steel above the melt as the electrodes are boring 
in, a possible cause of electrode breakage. 

3.5 ENERGY BALANCE OF ARC FURNACE (CASE STUDY) 

The energy balance of a 9 tonne electric arc furnace is shown in Exhibit-16 with the representation of sankey 

diagram in Exhibit-1 6a. 

The careful observation of furnace operation and energy balance resulted In the following recommendations: 

1 . Use of burnt lime instead of lime stone would result in a saving of around Rs. 3 lakhs per annum. 

2. Increasing oxygen lancing results in a net saving of around Rs. 46,000 per annum. 

3. Preheating of the scrap was estimated to save around 40-50 kWh/LMT. 
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EIEXBZT 1 

TYPICJkL raOOCBL ETFlCZETtCZCS 


Typical Thermal 
Efficiencies 

Equipment Type ( In the Field } 


1 . 

Electric Utility Boilers 

85 

- 

90% 

2. 

Industrial Boilers (Staan) 

7A 

_ 

82% 



(HPHW) 

76 

“ 

84% 

3. 

Ovens 





A. 

Indirect fired ovens 20°C-370®C 

35 

- 

40% 


B. 

Direct fired ovens 20'^C-370^C 

35 


45% 

A . 

Low Temperature Furnaces 





A. 

540-980°C (Batch) 

20 

- 

30% 


B. 

540- 980^C ( Continuous ) 

15 

- 

25% 


C. 

Coil Anneal (Bell) Radiant Tube 

4 

- 

7% 


D. 

Strip Anneal Muffle 

7 

- 

12% 

5 

High Temperature Furnaces 





A 

Slot Forge 

5 

- 

12% 


B 

Pusher, roll down, or Rotary 

7 

- 

14% 


C 

Batch Forge 

5 

- 

1U% 


D 

Car Bctton 

7 

“ 

12% 

e 

Continuous Kilns 





A 

hof f manr 

25 

- 

93% 


E 

T unne- 

21 

- 

82% 


C 

Transverse -arch Annul ar 

26 

' 

96% 

7 


.’er £ br ..CK ) 





f- 

hrt - floor 

14 

- 

25% 


h 

T «nne .. 

r 5 


53^ 


7 

Zt.gz 0€ r 

'y r 

- 

53i 



OIL 

GAS 



PRESSURE ATOMISING 


OTHER TYPES OF ATOMISATION 




TYPE 

StWPLEX 

tHiPLEX SPIU 

STEAM/OR 

AIR 

ROTARY 

CUP 

MPA 

LPA 

NOZZLE PRE-MIX 
MIX 

REMARKS 

Charactenstics 




A-D 






A Large Water Tube Boilers >30MW 

E Mechum Wa®er Tube Boilers <30MW 











Main AppiicatK>n& 

A-h 

E 

C-H 

& F-H 

A-H 

C.E-H 

F-H 

A-H 

F-H 

C Small Water Tube Boilers <10MW 

D Shelf Type Boilers <1 5MW 

E Shell Type Boilers <5MW 

F Furnaces G Dryers 

H lrK3nerators, etc 



; Flame Characteristics 

Normahv soh wioe 


Capable of wide 

High 

Soft 

Luminous Non- 

Can be varied consKJorably 


angieti flames 


vanatiop in shape 

Intensity 

ftame 

to nofv 

Lumirous 

d^jending on register Ap 

1 




anti intensit> 


flame 


luminous 


anti oomtkistion imenstty 

i Flame Shape-mdudeti 
• angle 

>7L 

>7C 

>70 

50-130 

50-160 

30-100 

>5C' 

— 

_ 


f Atomising ViscosiTv 

<10C 

<1X 

<10C' 

4100 

<3CK> 

<15C' 

<100 

— 

__ 

For distillaie fuels 

1 Redwooc Nc 1 










preheating noi nec^sary 

j Kinematic (centistroxesj 


< 2 ^ 

<24 

<24 

<74 

<37 

<24 

- 



! TumcKwn Ratio fT/D; | 

<31 

8 

8 

10 ' 

101 

5 1 

4 1 

10 1 

3 ’ 1 

Woe variations pc^ibie beyonc 

! j 










figures given 

2 Dua> tuef finng Tuma>wn limttiK! to 
oil T/D capability 

Average atomising or ^ 
Dschar^ Pressures kPa i 

>1C34 

>103A 

>■>034 

>206 

>170 

>206 

>206 

>1 2 

>0 5 

With some types discharge pressure 
has no influence on atornisation 

Pnrrvary Air Pres kPs j 

Normal, sucK>l*ecl witn 

>100 

2 5-12 

20-103 

25-87 

>25 

<25 

With certain burner types pnmary 


secorwarv 

ar 








air IS not necessarily used 

; Pnmarv Air Vo! ‘k 1 




<6 

3-20 

< 10 

>25 

>10 

>50 

atomisation 

1 Norma! Possible Air 
' c>re-H6ai “C 










High pre-heat normally useo only for 
process applications j 

* 









Norma' T nerma' Inpu" 

<12C 

A i 

<120 


<50 

<10 

<5 

<100 

<5 

Values given to conform to mooern 1 

MW 










irvdustriai applications j 

T ypical Combustpn 
Imensitres kWhm^ 









<4100 

The choice of burner O^oenos on mat- 1 










ching combustion intensity to combus 



tK>n space 

Draught Baiariced) 







B.F or 

B or 

B Ol 

Modem practice favours forced 







Forced/lnoucec 







1 

1 

I 

draught & pressurized combustion 

Dual Fuel Capability 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

~No 

Chan^over may not necessanty be 

Yes/No 










automatic 

J 


Mae The above are general partioitars anti as such dc not prectude the existence ol special burners with different charactensiics In Great Britain burners normally manutactureti to conform 
to BS 799 BS CP a>02, H M FacKx^ Technical Data Note No 25 anti Bnt»h Gas Corporation Standards and Codes o* Practice 
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GENER^ii CKA.a\CTERISTICS OF TfiE PRINCIPAJ. 7YPF<; oi; 
AUTO.HA71C INDUSmUAL OIL GAS a DUA^ 
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fijchlbiu, 5. 

Mki of C omrn r m cnktn m Pmm 
Hm TruMMibiMMi mi 4 iton f c Loam 


hinuic^ Tawparanire ifOO*C , 


Wdl rtwtmctiutt 






- t - a - « 

nrenm 

}40mm 

2)0min 

1 ISimn 

. 

. 

Saper Hoi Foot 






iHnUikm 

. 

. 


2K>mm 

1 ISmm 

fcartai tewUixMi 

• 

1 Kmm 

230inm 

' 

2)0mm 


Co^timKHf Operation 


Hoot Lorn kWK/m^ 
Cooduakw 

Stonft 

Tour om 2000 h 

9 IS 0 

160 

9310 

MSO 

176 

4026 

26 S 0 

1 14 
2764 

40)8 

4073 

214 $ 

SO 

2195 

% Reduction tn 

Tou) Kcai Lou 


1 

1 S 6 8 

70 3 

96 3 

76 4 


iatermtttent Operation 5 - 10 h KhifuMit.. 


Heat Loos kWh 

Cooducuon 

Storigr 

Total over one »icrk 

— ^ 

a. . 1 

76 

27! 

347 

60 

167 

227 

79 

91 

170 

44 

12 3 

% Reduction in 

Total Hear Lou 


179 

46 3 

$9 7 

70 9 


Exhibits 

- B 7 «rT Of HEARTH LOADING ON FURNACE fERFORMANCE 

Sloe Type Refaeatug Furoace. HeartE Area I.Am’. 
WanGaalMO'c 10 % Excew Air 
Heat ovaJJabam 35 % 

Fi»a! Stock Tetnperaturr I250’C 




Hearth l^iadin^ 



98 

146 

244 

366 

Stre ouepu 

i'it 

204 

34C' 

510 

Hea. Lc «ee tTWT h 

3 

4t 


7) 

Hca* w fumact acructujT KWhA 
Hear inpu: no^irrc 

8C' 

8C* 

8(-‘ 

8C* 

35% awaiidbdrrr rWM- 1 

Hiei ooemunpoor 

3J4 

3S8 

446 

556 

Actual konci per bou** 

30 

35 

43 ' 

53 

Specific hona^tonTBr steel 

Hie' and fz&azicuk unn^ 

220 

172 

126 

JCM 

per tor «ed proceoed % 


24 4 

43 2 

52 8 


produetjor u twice a capensiw in terms of fuel as it u a’ iKr 


Typical good pracoct kiadir^ 

raiei for 

»arK>ui types of furnace would be 

Heai Trtacraent 

145 

195 

kg/m'h 

Annealii^ 

!9S 

290 

Kg/rr^h 

Drop Stampong and forging 

290 

390 

Kg/m^h 
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Kl^ctrlcsl smrgy 

^709 

730 

82.22 

ElsctrcKis oxidation 

110 

30.5 


Haat of reaction j 

A73.98 

131.7 

u.u 

Total 

3292 *98 

912X2 

10..00 


F^IERGY WTUrr 

in liquid st^el 
In sloi( 

H»®t In ®VDlg«d fUBses 
H®8t loss through walls 
Heat loss in cooling isitar 
Electrode ♦ Elertrical loss«»s 


HJ/LMT 


fctWh/LWr 
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390.1 

42.80 

125 

v*.l 

3.7^ 

630 

XBl 

19.80 

6A.e 
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1.97 

927 ' 

236.7 

26.1 

119.18 

32.5 

3.59 

5292.98 

912.2 
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